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Att gora ...

Lasanvisningarna uppdaterade
Kursombud
Deadlines?

*  Routingprojektet
*  Online
Nasta Online
* Minst1 + 2
*  Missad deadline = penalty (*0.67?) ?
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Network models

Too complicated

¢ Divide and conquer
Layered architecture

¢ Hierarchy

¢ Specialisation

¢ Simplification



Kommunikation pa Internet
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Logiska forbindelser enligt TCP/IP
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ldentiska objekt enligt TCP/IP

<& Meddelanden

Application Application

Transport Transport

Network Network

Data link Data link

Physical Physical

Switchar/Repeterare paverkar inte objekt!



Figure 2.8: Encapsulation / Decapsulation

. Header at transport layer

Legend Header at network layer
Header at data-link layer
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Source host

Destination host
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Anvandarmodeller

Klient-server

»  Client-Server Paradigm

”Anvandare-anvandare”
*  Peer-to-peer (P2P) Paradigm



Client-Server paradigm

_—_——

Forfragan om data

Data levereras




Peer-to-peer

tracker

Trackern kan

vara distribuerad
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Kontrollprotokoll (pa lank-nivan)

Protocols |
Framing
. or noiseless or nois

FlOdGSkOﬁttOll i channel | I:channe?l |

¢ Sand data —— Simplest —— Stop-and-Wait ARQ

—— Stop-and-Wait —— Go-Back-N ARQ

¢ Vanta pﬁ ACI< Selective Repeat ARQ
Felkontroll

¢ Uppticka fel Inte alltid att flodeskontroll,

¢ Omsindning telhantering tinns 1

lanklagret! Finns aven pa
hogre upp 1 stacken.
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Flodeskontroll

Sandare

Producent

Ramar “pushas”

)

|

Mottagare

Konsument

Flodeskontroll
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Stop-and-wait
ARQ
flodesdiagram .
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* Speciellt vid langa lankar = “1[

| B discards
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‘y duplicate frame




Go-Back-N?

Viktigt infor nasta del och TCP (E'TSF10)

Forelast 1 repetitionstorelasningen

Kommer pa ('jvning
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Sliding window (sender)

Frames buffered

until acknowledged
— ) Window of frames
< Frames already transmitted > e that may be transmitted

tn
=)
~1
e
(-

...|0 1 2‘3'4

2|3‘4

r
\ — —
Frame Window shrinks from Window expands
sequence Last frame  Last frame trailing edge as from leading edge
number acknowledged transmitted frames are sent as ACKs are received

(a) Sender's perspective
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Go-Back-N ARQ (the Stalling Way)

Most commonly used error control ACK (this or next)
Based on sliding-window
Use window size to control » _.per of outstanding frames
While no errors occrz, cne destination will acknowledge
incoming framcs as usual

¢ RR=receive ready, or piggybacked acknowledgment

If the destination station detects an error in a frame, it may

send a necative acknowledoment : :
5" 5 ACK (previous or this)
¢ RE]J=reject
¢ Destination will discard that frame and all future frames until
the frame in error is received correctly

¢ Transmitter must go back and retransmit that frame and all
subsequent frames



r%e > @'] '
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(a) Go-back-N ARQ




Selective-Reject (ARQ) (Stalling)

Also called selective retransmission

Only rejected frames are retransmitted

Subsequent frames are accepted by the recetver and buffered
Minimizes retransmission

Recetver must maintain large enough buffer

More complex logic in transmitter
¢ Less widely used

Usetul for satellite links with long propagation delays



Routing

Konsten att bygga least-cost trees

* Frin sandare till mottagare

* Frin varje nod till varje annan nod
Tre principer

* Distance Vector

* Link State

* Path Vector
Policy-based routing
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Comparison of LS and DV algorithms

Message complexity
LS: with n nodes, E links, O(nE) msgs for

full knowledge, changes sent to all nodes

DV: exchange between neighbours only

Speed of Convergence

LS: O(n?) algorithm requires O(nE) msgs
¢ may have oscillations

DYV: convergence time varies
¢ may be routing loops

¢ count-to-infinity problem

Robustness: what happens if
router malfunctions?

LS:

¢ node can advertise incorrect
cost for its “own’’ links

¢ node can break broadcast path or
change broadcasted info

¢ cach node computes only its

table

¢ DV node can advertise incorrect
cost to any path

¢ cach node’s table used by others

e error propagate thru network



Flooding

I Flooding skickas ett inkommande paket ut pa
samtliga lankar.

En hop-count anvands for att inte skapa loopar.

-—B-ﬁ

fy
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Natgraf

I vagvalsalgoritmerna anvands en natgrat som bestar
av noder och lankar.
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Natgraf forts.

Varje lank 1 grafen har en kostnad som anger hur
’dyrt” det ar att skicka ett paket 6ver lanken.
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Lankkostnad

Lankkostnaden kan bero pa flera saker:

> Kapacitet

> Belastning

0 Stracka

s Utbredningsmedium
5Osv...

QD QD QD QD QD

25



Least-hop path

Least-hop path fungerar bast om alla lankar har samma
kostnad.

Den vag som innehaller minst antal steg ar bast.
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Least-cost path

I Least-cost path viljs de vagar ut som kostar minst.
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Ett Internet och dess grafiska
representation(?)

Router &= LAN Edge
O Node wsmmmm: WAN 2,3, ... Costs

S
S
..
S

a. An internet
(DD
3
3 4 e
DD
5 2

b. The weighted graph
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Ett Internet och dess grafiska

representation(?)

Ritr1

X

X

Rtr2

Rtr3
X

{ét}}— SRS

Rtr4
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Ett Internet och dess grafiska
representation

Grafer bestar av bagar och
noder

*  Bdgar samman binder noder

*  Noder ir ’destinationer”
I routing finns tva olika typer av
noder:

*  Nit dvs destinationer

*  Routrar som sammanbinder nit

Grafiska representationen kan

bli ndgot konstig ...
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Natgraf (exempel)
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Distance vector routing

Alla kinda basta vagar delas med grannar
¢ Periodiskt
¢ (Vid varje torandring)

Routing-tabeller uppdateras med
¢ Nya poster

¢ Andring av kostnad
”Global kunskap sprids lokalt”



Kosthad

Antal hopp (Bellman-Ford), funkar aven med andra
metrics

« Kihl, Andersson kap 8
*  Stallings kap 19.4
« RIP

Uppskattad tordrojning
*  Distributed Adaptive Routing (Stallings kap 19.2)
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Principen for Distance Vector

grannar.

R1 skickar information
om sina lankar till

R2 skickar information
om sina lankar till
grannar.

X

X

R1

R3| W

R3 skickar information
om sina lankar till
grannar.

R2

X |ra

R4 skickar information
om sina lankar till

grannar.




Bellman-Fords algoritm grafiskt

a. General case with three intermediate nodes

Dy, = min{(cxa + Day), (be + Dby), (cxc + Dcy) }

b. Updating a path with a new route

D,y = min{Dy,, (¢x; + D)}

Jmf Stallings kap 19.2

20.35



Bellman-Ford | pseudokod

IT (advertised destination not In table)

{
add new entry // rule #1

}

else 1T (adv. next hop = next hop In table)

{
update cost // rule #2

}

else 1T (adv. cost < cost 1In table)

{
replace old entry // rule #3

}

Jmt Kihl, Andersson kap 8




Natgraf som trad

Distansvektor for A nar

natet konvergerat

Nod

o g O w =

0

2
3
1
3
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Uppdateringar

A3 @1 (@

1 @@ ’ A[] = min(A[ ], cost(A-B) + B[ ])

3

. ; | Uppdatering fran B
uppdatera '
; A, ursprunglig
Nod | Dist
-- : A 3
A ) Nod D1st o )
B 3 A ’ C 1
C 4 b ’ D 1
D 1 b : E 1
E 4

Not! Kostnad till B via D okand tills D uppdaterat A .



Distance Vector, funderingar

* Periodiska uppdateringar!?
e Problem med linkar och noder som forsvinnet.
* Hur hitta grannar?

* Hur upptacka att en granne forsvinner?

39



Mer om distance vector

Nasta torelasning:
Count to intinity
Two, three node instability
Split Horizon
Poison Reverse

Routingprotokoll RIP
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Link state routing, princip

Lokal topologi-information flodas (flooding) globalt
¢ Vid varje torandring
¢ Periodiskt (1 praktiken sallan)

Varje nod bygger egen databas

Routing-tabellen uppdateras med
¢ Nya poster

¢ Forindring av kostnad

’Lokal kunskap sprids globalt”
201140-



R1 skickar information
om sina lankar till alla
andra routrar.

Link state routing, princip

R2 skickar information
om sina lankar till alla
andra routrar.

X

(s

R1

X

R2

R3 )Q)L R4

R3 skickar information
om sina lankar till alla
andra routrar.

Qo

R4 skickar information
om sina lankar till alla
andra routrar.
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Exempel pa link state databas

A 0 3

B 3 0 1 1

C o0 1 0 o0

D 1 1 00 0

E 0 1 3 3
o betyder okind nod

0 avstand till sig sjalv

___|aA_ B _Jc_ D |E
o0 1 o0

1
3
3
0
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Link State Advertisements

A 3
Nod oo Nod
B 3 D 1 B 1
D 1 E 1 E 3

Uppdateras vid forandring]
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Shortest Path First
Tree generation algorithm (Dijkstra)

put yourself to tentative list
while tentative list not empty

{

pick node which can be reached
with least cumulative cost
add 1t to your tree”
put i1ts neighbours to tentative list™
with cumulative costs to reach them
by
“(a.k.a. permanent list)
(1T not already there with lower cost)
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SPF exempel med graf

3 1
A\1 1‘.@ 1 E: @3
@ 3 @ 1\\‘«

® romnod

‘ Permanent no
O Preliminir nod
--+ DPot 1l vig
— Perm vag
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SPF exempel med tabeli

) 0 (%) 00 00 (e'e)

{A} 3:A o) 1:A o)
{A,D} 2:D 00 4D
{A,D,B} 3:B 3:B
{A,DB,C} 3:B
{A,D,B,C,E}
Notation:

Kostnad:Via
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Link State, funderingar

* Periodiska uppdateringar!?
e Problem med linkar och noder som forsvinnet.
* Hur hitta grannar?

* Hur upptacka att en granne forsvinner?
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Mer om link state

Nasta torelasning:
Routingprotokoll OSPF

Konceptet Areor eller hur man minskar flooding
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Path Vector Routing

Lagg till path vector 61 varje destination
Paminner om Distance 1V ector
*  Path Vector innehaller info om hela vagen till destinationen
Finn best path bland manga tillgangliga vagar
Policy Based Routing
* Anvand bara viagar som gar igenom accepterade noder
* Anvand inte vagar dar egna noden ingar (loop!)

* Langd pad Path VVector ar ofta(?) viktigaste parameter
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Spanning trees in path-vector routing

An internet

A’s spanning tree




Path vectors made at booting time




Updating path vectors

New C Old C B
A|C,B,A A A [B A
g C.B g C,B B [B Note:
C C C [B,C .
D[C.D D [C.D D [BD X [ ]: vector X
E|C.E E [C.E E Y: node Y
C[]=best (C[],C+B[]

Event 1: C receives a copy of B’s vector

New C old C D

A|C,B,A A|C, B A A
"best” i o B e
implementering E[CD E[CE EDE
av policyn C[ 1="best (C[ 1, C+D[ )

Event 2: C receives a copy of D’s vector



Mer om path vector

Nasta torelasning:
Autonoma system, AS
Routing mellan domaner
Policy routing

Routingprotokoll BGP
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